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PBB Fed to Immature Chickens: Its Effect
on Organ Weights and Function and on
the Cardiovascular System
by Robert K. Ringer*
In a series of polybrominated biphenyl (PBB) feeding trials in White Leghorn cockerel chicks, the
effects of PBB on various physiological parameters and organ weights were determined. These mea-
surements included: growth, thyroid function, ECG, cardiac output, blood pressure, hematocrit, eryth-
ropoietin levels, and spleen, bursa ofFabricius, thyroid, testes, comb, liver weights. In addition, tissues
were histologically examined. PBB, in the commercial grade form of hexabromobiphenyl, was adminis-
teredcontinuously inthediet at levels rangingfrom50to250 ppm. Pair-feeding studies wereconducted to
ascertain the effects ofthedrug perse since preliminary trials indicated thatPBB administration resulted
in decreased feed intake.
Chronic administration resulted in depressed body weight as a result of decreased feed intake; de-
creased comb, testes, spleen, and bursa weights; increased liver and thyroid weight; hydropericardium
and ascites; decreased hematological values due to depressed plasma erythropoietin levels; decreased
heart rate, packed celi volume, hemoglobin and cardiac output; decreased voltage amplitude ofthe ECG
and a shift in the mean electrical axis. No significant differences were found in blood pressure (mean
arterial and pulse pressure), stroke volume, or respiratory rate.
Introduction
The toxicological significance of exposure to
polybrominated biphenyl (PBB) and its biological
effects has generated widespread concern. The vast
majority ofscientific investigations on the commer-
cial forms of brominated biphenyls has dealt with
the toxicological effects in mammalian species. As a
result of an accidental contamination of feed (1),
emphasis was placed on dairy cattle and the ulti-
mate implications for human health and safety. In a
previous paper (2) the biological effects of PBB in
several avian species were reported and compared
to those of polychlorinated biphenyl, a compound
similar in structure and one that shares both chemi-
cal and biological properties. The objective of this
paper is to summarize various studies from this lab-
oratory conducted on growing chickens exposed to
continuous dietary levels of PBB for variable
periods of time.
Continuous dietary levels of commercial grade
PBB (FireMaster FF-1 manufactured by Michigan
Chemical Corporation, St. Louis, Michigan; hexa-
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bromobiphenyl-62.8%, heptabromobiphenyl-13.8%,
pentabromobiphenyl-10.6%, tetrabromobiphenyl-
2.0%, other bromobiphenyls-11.4%) were employed
for two reasons: (a) the chemical was identical with
that involved in the accidental contamination by in-
direct means ofpoultry feeds and (b) the single dose
toxicity in poultry is of moderately low order. Re-
peated exposure over short-term periods (4 to 8
weeks) more nearly duplicated what occurred in
commercial poultry operations and demonstrated
the cumulative toxic effect at levels considerably
below the acute toxic level.
Effect on Body Weight
Polybrominated biphenyls are excreted in feces
and in lipid-containing products; thus, adult male
birds excrete less than females producing eggs (2,
3), and in some species the male tends to be more
susceptible to toxicological effects. In the following
studies only male, cockerel chickens were used.
That PBB causes inanition and thus loss ofbody
weight (Fig. 1) has been previously reported (2). In
that review it was shown by data from our labora-
tory that the liver was enlarged, as was the thyroid.
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FIGURE 1. Body weight of4-week-old White Leghorn cockerels
fed PBB continuously in the diet at various levels from one
day of age (7).
Induction ofliver microsomal enzymes by PBB has
been reported by several researchers. This induc-
tion of hepatic microsomal enzymes and the in-
creased catabolism ofendogenous hormones by the
enzymes apparently accounts for the decrease in
the comb size (2).
Effect on Cardiovascular System
In another study, 3-day-old White Leghorn
chicks were divided into five groups and fed 0 ppm
PBB (control), 75 ppm PBB, 150 ppm PBB, pair-fed
to 75 ppm (control feed), and pair-fed to 150 ppm
(control feed). At 9 weeks of age, packed cell vol-
ume, hemoglobin concentration (cyanmethemoglo-
bin method), blood pressure (direct cannulation of
carotid artery), cardiac output (dye dilution tech-
nique), and electrocardiogram (Grass model 5A
polygraph) were determined. In addition, atautopsy
a measurement ofpericardial fluid was made to ac-
cess the degree of hydropericardium and correlate
this condition with cardiac alterations.
PBB significantly decreased packed cell volume
and hemoglobin concentration at both dietary
treatment levels. The action ofthis brominated hy-
drocarbon is apparently one of decreased eryth-
ropoietin production by the kidney and a direct ac-
tion on the bone marrow (4). Bradycardia was ob-
served at 150 ppm PBB administration, but mean
arterial pressure was not influenced by PBB beyond
that which occurred in the pair-fed controls (5, 6).
Cardiac output decreased as aresultofthese dietary
treatments with PBB, yet stroke volume remained
unaltered. In general, electrocardiograms indicated
decreased ventricular depolarization (R-S) voltage
in PBB-fed birds, even beyond that of the pair-fed
controls (Fig. 2) and also exhibited a shift in the
mean electrical axis in a positive direction (5).
These electrocardiogram changes were correlated
with increased pericardial fluid volume. At autopsy
the hearts appeared flaccid, distended (7) and upon
histological examination, edematous.
A possible explanation of the anemic condition
reported could be that the liver enhanced micro-
somal enzyme metabolism ofcirculating androgens.
An altered androgen level was exemplified by de-
creased comb size. The depressed concentration of
androgen in the blood may have influenced eryth-
ropoiesis since testosterone injection into castrated
males markedly increases red blood cell formation
in chickens (8).
Bradycardia has been reported for several species
following chlorinated hydrocarbon exposure (9-12).
The mode of action may be attributed to increased
vagal tone but remains to be answered. The de-
creased R-S complex voltage observed was appar-
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FIGURE 2. Typical electrocardiograms (lead II) of 9-week-old White Leghorn cockerels (B) fed 150ppmPBB or(A) pair-fed
the identical amount offeed without PBB. Chart speed = 50 mm/sec; 1 mV = 2.5 cm. Note typical bradycardia and de-
creased amplitude of RS complex (5).
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FIGURE 3. Effect offeeding PBB to White Leghorn cockerels during the first 14, 28, or42 days of age. Following drug withdrawal the
chicks were fed "clean" feed. Weights given are absolute weights. Thymus, because ofits diffuse nature, was scored from 1 to 5 (5
indicating the greatest amount of tissue). All chicks killed at 42 days of age.
ently the result ofhydropericardium since a similar
finding was observed by Iturri and Ringer (13) in
PCB-fed cockerels and like these results were cor-
related with pericardial fluid volume.
Effect on Lymphatic System
In the chick the bursa of Fabricius has been
shown to be responsible for immunoglobulin for-
mation (humoral immunity) and the production ofB
cells. The cell-mediated immunity is credited to the
thymus. The spleen is influenced by both the bursa
of Fabricius and thymus tissue. The number and
size ofsplenic "germinal centers" are bursa-depen-
dent. Diffuse splenic lymphoid tissue is thymus-de-
pendent.
To study the influence of PBB on the im-
munological system, day-old chicks were randomly
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FIGURE 4. Photomicrographs ofthe bursa ofFabricius of6-week-old White Leghorn cockerels: (A) normal; (B) afterPBB feeding at 150
ppm, for 6 weeks (27 x); (C) bursa of Fabricius follicles after PBB feeding (68 x). Note the reduction in bursa follicular size with
loss of lymphocytes from cortex and almost complete absence of lymphocytes in the medulla indicating premature regression
initiated by PBB feeding.
distributed into four groups. Three groups were ex-
posed to PBB for varying periods i.e., 1 to 14 days,
1 to 28 days, and 1 to 42 days. Following the expo-
sure period, the chicks were placed on control diet
until being killed at 42 days of age. A fourth group
was given the control diet.
The results are graphically shown in Figure 3.
Body weight was depressed as was the weights of
the bursa of Fabricius and spleen. Thymus tissue,
being difficult to remove and weigh, was scored
from 1 to 5, with 5 connotating the largest mass. The
score indicates that thymus tissue also decreased.
When the organ weights were calculated relative to
body weight (Table 1), the data indicate that 150
ppm of PBB depresses the organ weight and, that
despite the removal ofPBB from the diet, recovery
of organ weight does not approach that of the nor-
mal weight.
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Histologically (Fig. 4) the bursa showed marked
depletion of lymphocytes from the normal density
packed cortex and almost complete depletion of
lymphocytes from the medulla. Withdrawal of PBB
at various ages improved this picture but did not
approach that of the normal control. It was evident
that PBB caused premature regression ofthe bursa.
The thymus (Fig. 5) also exhibited premature re-
gression evidenced by almost complete loss of the
cortex and depletion of lymphocytes from the re-
maining medullary tissue. Again, removal of PBB
caused less regression but histologically the tissues
were not normal. The spleen ofchicks continuously
fed PBB (Fig. 6) showed almost complete loss of
"'germinal centers" and reduction in the diffuse
lymphoid tissue (white pulp). In one chick, only red
pulp tissue was observed, all white pulp having
been depleted.
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FIGURE 5. Photomicrographs ofthe thymus of6-week-old White Leghorn cockerels: (A) normal; (B) after feeding 150 ppm PBB for 6
weeks (40x); (C) after PBB (100x). Note, after PBB feeding, the loss of the cortex with its densely packed small lymphocytes
leaving only medullary-type tissue with few lymphocytes indicating premature regression.
WHITE PULP OF DIFFUSE LYMPHOID (MAINLY SMALL LYMPHOCYTE3)
FIGURE 6A. See page 254.
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FIGURE 6. Photomicrographs of the spleen of6-week-old White Leghorn cockerels: (A) normal; (B) after feeding 150 ppm PBB for 6
weeks (40x). Note loss ofwhite pulp andgerminal centers following PBB feeding. The term "germinal center" is used asdefined by
Payne (15). Lucas et al. (16) consider no germinal centers in the lymphoid areaofnormal chickens and suggestthese areas represent
blood vessels occluded by lymphocytes.
Table 1. Effect of feeding 150 ppm polybrominated biphenyl on
body, spleen, bursa of Fabricius, and thymus score of42-day-old
chicks.
Organ weight,
g/100 g body weight
Bursa
Age PBB fed Body weight, g Spleen of Fabricius
Control 548.4 0.21 0.51
1-14 days 474.5 0.14a 0.36a
1-28 days 445.9 0.14a 0.35a
1-42 days 394.9 0.11a 0.21a
a Significantly different from controls atp = 0.05.
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Similar observations on the spleen and bursa of
Fabricius have been reported by Vos and van
Genderen (14) for chicks fed hexabromobiphenyl
and onthe thymus ofguineapigs administered PCB.
These workers showed that 30 ppm of hexa-
bromobiphenyl fed for 63 days depressed the bursa
of Fabricius and spleen relative to body weight.
Those chicks fed 15 ppm had organ weights relative
to body weights similarto control values. In another
study (Fig. 7) our laboratory results indicated that
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FIGURE 7. Spleen weight (mg/100 g body weight) of4-week-old
White Leghorn cockerels fed rations containing various
levels ofPBB from oneday ofage. Mean valuesgiven ± S. E.
(7).
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FIGURE 8. Spleen weight (mg/100 g body weight) of pair-fed
White Leghorn cockerels fed rations containing various levels
of PBB. Mean values ± S.E. (7).
spleen weight was significantly depressed in 4-
week-old chicks fed levels just above 50 ppm PBB
from day of age. However, in a pair-feeding study
50 ppm was shown to significantly alter the weight
of the spleen since inanition caused the relative
spleen weight to be increased above control values
(see Fig. 8).
Whether the histological changes and weight
changes in the organs of the immunological system
reflect on the immunocompetence of this system
remains to be clarified. Vos and van Genderen (14)
indicated that humoral immunologic responses were
impaired by hexabromobiphenyl.
Data reported in this paper were derived from that published in
the theses of Edward H. Kowaleski, Jr., Frederick W. Heine-
man, and Linda Van Thiel to whom special thanks are given.
Thanks is also given to Robert Cline, Sulo Hulkonen, and
Beverly Trosko.
Journal article No. 8401, Michigan Agricultural Experiment
Station.
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